Objective: To assess the association between diet and the onset of stress urinary incontinence (SUI) in women aged 40 y plus. Design and setting: The Leicestershire MRC Incontinence Study -a prospective longitudinal study of the prevalence, incidence and aetiology of urinary symptoms. Subjects and methods: A total of 5816 women aged 40 y plus and living in the community. Urinary symptoms were reported in a postal questionnaire at baseline and at 1-y follow-up. Dietary intake was assessed in a food frequency questionnaire at baseline. Results: Intakes of total fat, saturated fatty acids and monounsaturated fatty acids were associated with an increased risk of SUI onset 1 y later. Of the micronutrients studied, zinc and vitamin B12 were positively associated with SUI onset.
Introduction
Urinary incontinence is a common symptom with a reported prevalence of 12% (leakage of urine monthly or more often) in the UK adult population (McGrother et al, 2003) . Incontinence can affect the quality of life and activities of daily living (Van Der Vaart et al, 2002) , and has large resource implications for both the individual (Doran et al, 2001 ) and the health service (The Continence Foundation, 2000) . Identification of dietary factors associated with the onset of incontinence could help identify mechanisms in its aetiology, and could also be used in the development of dietary strategies for its prevention and treatment.
Stress and urge incontinence are the two main types of urinary incontinence and are symptomatic of different clinical conditions. The symptom of stress urinary incontinence (SUI) in women is the involuntary leakage of urine from the bladder that occurs when the intravesical pressure exceeds the maximum urethral pressure. It occurs when intra-abdominal pressure is raised, for example, during physical exertion, coughing or sneezing. Reporting of the symptom is considered to be predictive of the urodynamically demonstrable condition urodynamic stress incontinence (Abrams et al, 2002) . This is usually associated with urethral hypermobility, the main causes of which are said to be weakness of the pubourethral ligament and dysfunction of the pelvic floor musculature; trauma associated with childbirth is important in both (Cheater & Castleden, 2000) . Potential roles for diet in the aetiology of SUI could be through its association with factors such as obesity (Moller et al, 2000) , oestrogen status (Hextall, 2000) or collagen turnover in connective tissue (Falconer et al, 1998) . Clinically, a number of individual foods and drinks are thought to have adverse or beneficial effects on certain urinary symptoms, although little scientific evidence exists. To date, no studies have reported on the possible associations between diet and stress urinary incontinence.
Aims
The present paper investigates the association between diet and the development of SUI. The results of a prospective longitudinal study on women aged 40 y and over are reported.
Methods
Sample and study outline The study was part of the Leicestershire MRC Incontinence Study on the prevalence and incidence of incontinence and other lower urinary tract symptoms in men and women aged 40 y plus and living in the community (Perry et al, 2000) . The present paper reports on women only.
A random sample of 20 244 women aged 40 y plus was drawn from the Leicestershire Health Authority's lists of 108 general practices (71% of the practices in Leicestershire and Rutland). Women living in residential or nursing homes were excluded. A baseline postal questionnaire was mailed to the sample at the end of October 1998 and two reminders were sent to nonresponders at 4-week intervals. Of those mailed, 1005 (5%) were not eligible for the sample (moved from study area or deceased) and 12 565 of the eligible sample returned the questionnaire (response rate 65%). A food frequency questionnaire (FFQ) was sent to the responders to the first and second mailings of the baseline questionnaire (n¼10 852); this excluded those of South Asian origin who make up 5.3% of the Leicestershire population aged 40 y plus (Office of Population Censuses and Surveys, 1992) and have very different dietary habits to the population in which the questionnaire was validated (Simmons & Williams, 1997) . The FFQ was completed by 7046 women (response rate 65%). In October 1999, a followup postal questionnaire was sent to all responders to the FFQ and again two reminders were sent to nonresponders. A total of 6424 follow-up questionnaires were returned (response rate 91%).
The response rate to the baseline questionnaire increased with age until the 80 y plus group when it decreased, and nonresponders were younger than responders (median age: 56 vs 58 y, Po0.001). An in-depth study into nonresponse at this stage (Dallosso et al, 2003a) showed little indication of nonresponse bias in the reporting of urinary symptoms. Comparison of the baseline data of those who did not provide FFQ data with those who did showed that they were younger (median ages 57 vs 61 y, Po0.001); after adjusting for age, they reported poorer general health (OR: 1.66; 95% CI: 1.51-1.82) and more long-term health problems (OR: 1.14; 95% CI: 1.05-1.25). However, there was no difference in the reporting of SUI (OR : 1.02; 95% CI: 0.92-1.13).
Postal questionnaires
The baseline and follow-up questionnaires contained a number of questions on urinary symptoms that were developed for the study (Perry et al, 2000) , in line with recommended standards from the International Continence Society (Abrams et al, 2002) . Participants were considered to have SUI if they reported stress leakage 'leakage of urine when you laugh, cough or exercise, etc' with a frequency of at least several times a month during the previous 12 months.
Height and weight were reported in the baseline questionnaire and used to calculate the body mass index (BMI), which was categorised as underweight (BMIo20), acceptable weight , overweight (25oBMIp30) or obese (BMI430).
The FFQ used was developed and validated by the UK arm of the EPIC study (Bingham et al, 1995) . The questionnaire contained questions on the frequency of consumption of 130 food and drink items each with a choice of nine frequencies, ranging from 'never or less than once a month' to 'six or more times per day'. There were 11 additional questions concerning more qualitative data, for example, the type of fat used for cooking. The data were processed by the EPIC study in Cambridge in order to obtain values for intakes of energy and a number of macro and micronutrients. This involved assigning portion weights and representative food codes to the list of food items in the questionnaire (Bingham et al, 2001) . In a number of the 6423 women who completed the three questionnaires, the FFQ data were not useable, either because responses to 10 or more food items were missing (n¼553) or because the ratio of energy intake to estimated 24 h basal metabolic rate (Schofield et al, 1985) was outside the 0.5 and 99.5 percentiles (n¼54). In total, the nutrient data were useable on 5816 women, and the analysis was carried out on this group.
Statistical analysis
Nutrients were logarithmically transformed and adjusted for energy using the residuals method (Willett, 1998) . Logistic regression models were used to examine the association of nutrient intake with the onset of stress urinary incontinence after 1 y in those without the symptom at baseline. Nutrients were divided into quintiles for analysis. Separate models were fitted for each nutrient, adjusting for energy intake, age and baseline reporting of overactive bladder, which is associated with SUI and certain food groups (Dallosso et al, 2003b) .The modelling was repeated with additional adjustment for BMI, with missing values imputed to the mean BMI for each 10 y age group. Likelihood ratio tests were used to test whether nutrients were significantly associated with the onset of SUI. The association between energy intake (in quintiles) and onset of SUI was also examined using logistic regression.
Results
The prevalence of SUI at baseline was 17.3% and the incidence rate over 1 y of follow-up was 8.3% (Table 1) . The incidence rate was highest in the perimenopausal group (40-49 y) and in the very elderly (80 y plus). The pattern of Diet as a risk factor for stress urinary incontinence H Dallosso et al prevalence with age followed this with the highest rates in the 50-59 y group and the very elderly (80 y plus). Earlier analysis on the study data (Dallosso et al, 2003b) showed that being overweight or obese were both significantly associated with an increased risk of SUI (OR:1.42; 95% CI: 1.09-1.84 and OR: 1.91; 95% CI: 1.38-2.63, respectively).
Energy and macronutrients
Total fat intake was significantly associated with the onset of stress urinary incontinence (Table 2, P¼0.02), with those in the highest quintile of intake being twice as likely to develop SUI than those in the lowest quintile (OR¼2.02, 95% CI: 1.33-3.05). In particular, saturated fat was associated with an increased risk of SUI onset (P¼0.006). Cholesterol intake was significantly associated with SUI onset (P¼0.003), with participants in the highest quintile of intake being twice as likely to develop SUI than those in the lowest (OR¼2.09, 95% CI: 1.40-3.14). An increase in consumption of total carbohydrates was associated with a reduced risk of developing SUI (P¼0.05); consumption of sugars was also negatively associated (P¼0.04), but there was no association with starch (P¼0.44). There was no association between total energy intake and SUI onset (P¼0.52, results not shown).
After adjustment for BMI, the results for fat were largely unchanged (data not shown). The association between carbohydrate consumption and SUI onset was no longer statistically significant (P¼0.07), although there was still some evidence of a reduced risk of onset with increased intake.
Vitamins and minerals
Three of the vitamins and minerals were associated with SUI onset (Tables 3 and 4) , and in each case a higher intake was associated with increased risk. The consumption of vitamin B12 was associated with an increased risk of SUI onset (P¼0.03, Table 3 ), particularly at the highest levels of intake, and zinc was also associated with an increased risk (P¼0.04, Table 4 ). After adjusting for BMI, the association with vitamin B12 remained positive, while the relationship for zinc was no longer statistically significant (P¼0.08, data not shown). Retinol showed a marginal association with SUI for the higher levels of intake (P¼0.08), which was weakened further when adjusting for BMI (P¼0.10, data not shown). Retinol is a fat-soluble vitamin and, after adjustment for the total fat content of the diet, there was no association with SUI (P¼0.40).
Discussion
The analysis of possible dietary risk factors shows an overall pattern of positive associations with SUI. Dietary fat is associated with an increased rate of SUI onset; this is significant for total fat and saturated fatty acids, and approaches significance for monounsaturated fatty acids. These positive associations with fat are balanced by less strong negative associations with total carbohydrate and sugars, the significance of which decreases after adjustment for BMI. Previously reported findings from the research programme (Dallosso et al, 2003b) confirmed that being overweight or obese are both risk factors for SUI (Bortolotti et al, 2000; Moller et al, 2000) . As obese people often consume a diet with a higher percentage of energy from fat (Bolton-Smith & Woodward, 1994) , there is the possibility that the increased risks of SUI onset with a high fat intake and with obesity are interrelated. However, in the multivariate analysis, both variables remained significant, thus supporting independent associations with SUI.
The increased risks of SUI onset with a high fat diet and with obesity could possibly be hormonally related. Feeding studies have reported an increase in serum oestrogens with a high fat diet (Wu et al, 1999) and a strong positive association between adiposity and serum oestrogen levels has been documented in postmenopausal women (Hankinson et al, 1998; Key & Allen 2001) . However, oestrogens have many essential functions in the urethra and bladder (Hextall, 2000) , and a recent meta-analysis reports that oestrogen therapy improves urinary incontinence in postmenopausal women, although an improvement is more likely with urge incontinence compared with SUI (Moehrer et al, 2003) . Physiological and clinical evidence therefore does not seem to support the theory of raised oestrogen as a risk factor. Nevertheless, many epidemiological studies have not found an increase in prevalence of SUI around the time of the menopause, which would be expected to accompany the fall in oestrogen level that occurs, and a number of studies have reported a decrease in prevalence at this time (Thom & Brown, 1998) . Recent work has suggested that constitutional differences in the laxity of connective tissue may play a role in the aetiology of SUI (Keane et al, 1997; Ulmsten & Falconer, 1999) , and rates of collagen synthesis and degradation are controlled by the matrix metalloproteinase enzymes which are sensitive to oestrogens (Moalli et al, 2002) .
The positive associations of vitamin B12 and zinc with SUI onset are difficult to interpret. It is interesting that zinc and Diet as a risk factor for stress urinary incontinence H Dallosso et al vitamin B12 share the same main food sources, namely meats and other animal products (Subar et al, 1998; Ma & Betts 2000) , with red meat, a particularly important source of both nutrients. Red meat is also an important source of saturated fatty acids and cholesterol, which were positively associated with SUI onset. The positive associations of SUI with zinc and vitamin B12 could possibly be markers for an association with dietary risk factors present in a high meat diet. However, in our earlier analysis on individual foods and food groups (Dallosso et al, 2003b) , we found no association of SUI onset with intakes of total meat or different meat groups. Both zinc and vitamin B12 have many essential functions in the body, and their deficiency or excess could in some way be involved in the aetiology of SUI. Our observed positive associations would suggest a possible overdose or toxic mechanism. For example, overfeeding studies have shown that very high levels of zinc intake (10-30 times the Recommended Nutrient Intake) can alter serum lipoprotein profiles and impair the immune response (Fosmire, 1990) and moderate overfeeding reduces the bioavailability of micronutrients such as copper and iron (Salgueiro et al, 2000) . However, the levels of intake in most overfeeding studies are unrealistic and a great deal higher than the top intake levels in the present study.
The present results must be considered in light of the strengths and limitations of the study design. As the analysis was carried out on members of the sample who completed all Diet as a risk factor for stress urinary incontinence H Dallosso et al the three postal questionnaires, the issue of possible nonresponse bias is important. In a detailed study of nonresponders at baseline (Dallosso et al, 2003a) , we found little indication of nonresponse bias in terms of urinary symptoms. The baseline responders who did not subsequently provide FFQ data reported poorer general health and more long-term health problems at baseline; these are predictable findings in a longitudinal study. However, there was no difference in their reporting of SUI at baseline. A relatively large number of nutrients were studied, so the risk of finding associations occurring by chance is increased; this should be remembered when interpreting the results. The FFQ was developed and validated on a UK population similar to our own (Bingham et al, 2001) , which strengthens our confidence in the dietary results. Use of the FFQ has many problems, including tendency for under or overreporting of certain food groups, as well as under-reporting by subgroups of the population. However, despite the possible measurement errors, FFQs have an acceptable validity and reliability, and can be used in large epidemiological studies to rank and categorise individuals in order to Diet as a risk factor for stress urinary incontinence H Dallosso et al conduct within-group analysis (Willett, 1998) . Our use of a postal questionnaire to assess urinary symptoms should reduce the possible under-reporting that has been observed when questions are administered by an interviewer (Rhodes et al, 1995) . Random measurement errors that do occur in the data should reduce, not increase, the chance of detecting associations and are therefore likely to underestimate the strength of any associations found. The outcome measure is self-reporting of SUI, and any prediction of the bladder condition urodynamic stress incontinence must be done cautiously.
In conclusion, the present results suggest that the macronutrient composition of the diet may have a role in the onset of SUI, with a high-fat diet, particularly of saturated fatty acids, being a possible important risk factor. This is independent of the increased risk of SUI onset associated with being overweight or obese. Studies reporting on weight loss and improvements in incontinence have looked at surgically induced weight loss for gross obesity (Bump et al, 1992) . A small study on moderately obese women in the community showed an improvement in incontinence with weight loss (Subak et al, 2002) and this needs repeating. The present study is the first to have looked at the question of diet and the onset of stress urinary incontinence, and before investigating possible causal mechanisms the results must be confirmed using more accurate and detailed methods of assessing diet in clinically confirmed cases. Confirmation of the results would support development of a behavioural strategy for the prevention and treatment of SUI. This could include a reduction in body weight where necessary and a change in diet towards a lower fat intake, particularly of saturated fatty acids. Diet as a risk factor for stress urinary incontinence H Dallosso et al
